The changes which occur in the chloride concentration of the blood and in chloride elimination in the urine in pneumonia have been much studied. No attempt will be made here to review the literature completely. References may be found in the work of Hutchison (1), yon H~sslin (2), Niaver and Schwartz (3), and Peabody (4); more recently in the studies of Haden (5), Peters, Bulger, Eisenman, and Lee (6) , and Sunderman, Austin, and Camac (7) . The serum chlorides are greatly reduced and in spite of numerous investigations no agreement has been reached as to the cause therefor, nor has tissue analysis succeeded in revealing whither the lost chlorides disappear.
The fact that the blood chloride level is lowered in some other acute infectious diseases besides pneumonia has led to the suggestion that fever is in some manner responsible for the change (8, 9) . Others have attributed it to the chemical changes resulting from protein destruction analogous to the chloride loss which occurs in intestinal obstruction (10) , extensive burns (11) , or after injections of histamine (12) . The suggestion has been made that the reduction in chlorides is related to anoxemia (13) .
The complexity of the situation in pneumonia with the concomitant occurrence of fever, tissue autolysis, and anoxemia makes an analysis of the problem exceedingly puzzling. For this reason we have attempted a simplification of it by experiments in animals with the hope of discovering whether changes in the environment, internal or external, would result in a diminution in the blood chlorides. Most of our experiments yielded negative results. 
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I. Blood Chlorides in Dogs before and after Pneumococcus Infection.
In three dogs, Nos. 4, 5, and 6, Table I , cultures of mouse-virulent pneumococci were insufl]ated intrabronchially according to the method of Lamar and Meltzer (14) . The chlorides of the serum were analyzed by the method of Van Slyke (15) before inoculation and at intervals thereafter. None of the dogs reacted very severely to the injection and none developed a real pneumonia consolidation. In only one (No. 6) was there a chloride drop which appeared to be significant, amounting to 6.8 per cent in 48 hours.
In two dogs the pneumococcus cultures were injected transpleuraliy, resulting in one instance in death with a copious pleural exudate. The exudate gave a pure pneumococcus culture of the type injected. This dog (No. 7, Table I ) showed a chloride drop amounting to approximately 5 per cent. The companion dog (No. 8, Table I ), which survived the injection, showed a still greater reduction, reaching 11 per cent after 4 days.
It seems true, then, that a pneumococcus infection in dogs even without a pneumonic lesion may result in a lowering of blood chlorides.
II. The Influence of Fasting.
To control the effect of loss of appetite and consequent fasting in the infected animals, food was withheld from two normal dogs for a period of 5 days. Water was withheld only during the last 24 hours of the fasting period. The diminution in serum chloride concentration in one dog (No. 9) amounted to little more than 1 millimol per liter; from 112.5 to 111.1. The second animal (Dog. 10) showed a drop of 3.5 millimols, from 113.0 to 109.5. This does not correspond in order of magnitude to the change which may occur in pneumococcus infection.
III. The Factor of Anoxemia.
Five patients suffering from pneumonia, in whom arterial blood analysis demonstrated the presence of anoxemia associated with a reduced chloride concentration did not furnish evidence of a restoration of the chlorides to their normal levels when the anoxemia was relieved by placing the patients in an oxygen chamber. This led us to believe that the chloride loss was probably not related to oxygen want, as has been suggested (13) . Nevertheless, to settle the point we produced a condition of acute anoxemia in a dog anesthetized by the intravenous injection of barbital-sodium.
The animal was tracheotomized and allowed to breathe, first room air, then a mixture containing 10 per cent oxygen and 90 per cent nitrogen, and finally, after breathing this mixture for 1 hour, room air was supplied instead. The arterial blood was analyzed for its oxygen and chloride content. During the hour of breathing the oxygen-poor gas mixture the per cent saturation fell from 88.8 to 59.4, whereas the chlorides fell 2 miUimols. On readministering room air the per cent saturation rose to 91.4 and the chloride concentration increased only 0.7 millimol, as shown in Table II .
It can be concluded that acute anoxemia experimentally produced is not associated with any considerable alteration in the serum chloride level.
IV. The Effect of Tissue Destruction.
The possible relation between the presence in the body of products of tissue destruction and the reduction in serum chlorides has been mentioned. In this connection we recalled the chloride loss which occurs in association with intestinal obstruction (10), extensive skin burns (11), and after histamine injection (12) . The pneumonic process in the lung may, perhaps, represent another such process of tissue autolysis. To simulate such a reaction, we resorted to two methods; burning the skin and the production of experimental shock In one animal, Table III , under barbital anesthesia, the abdominal aorta was clamped for 1~ hours and blood was drawn for chloride analysis 15 minutes and 45 minutes after releasing the damp. There was a slight riseinchloride concentration in the 15 minute sample, which fell again after 45 minutes to the level prevailing immediately before clamping. In another deeply anesthetized dog the leg muscles were crushed but the chloride concentration remained practically constant for 4 hours following the operation. The maximum drop was 1.1 miUimols.
Davidson (11) has shown that in human beings extensive skin burns may be accompanied by a disappearance of the urinary chlorides and a marked drop in the level of the serum chlorides. In our experiments the skin of one animal under anesthesia with a large dose of barbital was extensively burned on both sides of the thorax. A little over an hour after the bum the serum chlorides had fallen 2.6 millimols. This level was maintained for the subsequent 12 hours.
V. The Effect of Anaphylactic Shock.
The relationship which is believed to exist between some acute infectious processes such as rheumatic fever, in which low serum chlorides may be found, and allergic states (17) led us to try the effect of anaphylactic shock on the serum chloride level.
A dog was sensitized according to the method described by Well and Torrey (18) by the subcutaneous injection of 5 cc. of sterile horse serum. Immediately before injection a sample of venous blood was drawn for chloride analysis. The concentration was 106.1 millimols per liter. 19 days later another blood sample was drawn, which showed 104.4 millimols per liter. The dog was then given 20 cc. of horse serum intravenously. Within 2½ minutes it manifested the typical symptoms of acute anaphylaxis. 30 minutes after the injection while anaphylactic symptoms were still present a sample of blood drawn by cardiac puncture showed a slight rise in chloride concentration to 107.1 miUimols. Two more specimens of blood, taken 2 hours and 5½ hours after the serum dose, showed the chloride level to be respectively 105.4 and 110 miillmols per liter. Since the original level lay between 106.1 and 104.4, it cannot be said that any reduction had occurred.
VI. The Effect o1' Experimental Leucocytosis.
To see whether the low serum chloride concentration was, perhaps, related to the mobilization of the white blood corpuscles, an artificial leucocytosis was induced in a dog by the intramuscular injection of 5 gin. of sodium nucleinate dissolved in 40 cc. of distilled water.
At 11:45 a.m. the dog's leucocyte count was 10,500 per c. ram., the chloride concentration was 109.0 miUimols per liter. The animal's rectal temperature was 39.3°C. At 12:30 the sodium nucleinate was injected. 2 hours later the animal looked ill, the temperature having risen to 40.4°C. 5½ hours after injection the white count had more than doubled, 26,200, and the next morning it was 22,600. At this time the temperature was 39.6°C. and the animal looked well. The chloride concentration was 108.1 millimols per liter. The next day the chloride concentration was 110.3 millimols.
Experimental leucocytosis from sodium nudeinate injection did not elicit any change in the serum chloride level.
VII. The Influence of Fever.
The simultaneous occurrence of low serum chlorides and an elevation of body temperature has already been referred to. It has been suggested by some investigators that the reduction in chlorides is, indeed, the result of the febrile state (18) . I-Ialdane's interesting observations on the water poisoning of miners is a related phenomenon (19) . Apparently in this condition the exposure to high atmospheric temperatures results in so much loss of chloride in the sweat that chloride elimination in the urine may be entirely suspended. The great consumption of water by the thirsty miners so unbalances the ionic equilibrium in their blood that serious symptoms may result. Haldane found that the symptoms could be averted by allowing the miners to drink a ½ per cent solution of sodium chloride. It is unlikely that any such vicarious chloride loss occurs in pneumonia. Evidence points to the retention of chlorides in the tissues rather than to an increased elimination through portals other than the kidney. The suggestion that the reduction in chlorides is the result of blood dilution awaits experimental proof. Such a suggestion is, however, consistent with the hydremia which is said to occur during elevation of body temperature.
To produce fever in animals, we used two methods: the intravenous injection of methylene blue (20) ; and the application of the so called diathermy current to the body (21) . Both result in a rapid rise of body temperature. The second method has the advantage of permitting the degree and rate of the rise to be accurately controlled. Neither method produced a drop in the serum chloride level.
A male mongrel weighing 11.2 kilos was anesthetized by the intravenous injection of barbital-sodium. When completely insensitive, the right femoral artery and left femoral veins were cannulated. A sample of arterial blood was withdrawn for chloride analysis. This showed a concentration of 107.6 millimols per liter. A 5 per cent solution of methylene blue in distilled water was then slowly infused, 18 cc. being given in approximately 2 hours. During this interval the temperature rose from 38.4°C. to 40.3°C. Within the next 2 hours it rose another 3°C. Blood drawn at the end of the experimental period after a temperature of 40-43°C. had been maintained for over 2 hours showed no drop in chloride concentration, which remained at 108.9 millimols per liter.
Experiments of a similar character in which elevation of body temperature was produced by diathermy gave similar results. Serum was analyzed for chlorides by the method of Van Slyke (15), for total base by the method of Van Slyke, Hiller, and Berthelsen (22), and for water content by drying at llO°C, to constant weight. The results are shown in Table IV . Dogs 22, 23, 24 , and 27, Table IV, were anesthetized with barbital-sodium, the femoral artery was cannulated, and diathermy applied to the thorax. Although there was a rise in temperature in each case, varying from 1.3-4.5°C., the serum chlorides were unchanged except in No. 24, in which case they rose 4 millimols per liter. When these same animals were given large volumes of water by stomach tube, with continuation of diathermy, the serum chlorides dropped in one animal (No. 22, Table IV) as much as 7 millimols per liter in an hour. When the volume of water given was less than the equivalent of the blood volume of the animal the serum chlorides showed no significant change, as in No. 23, which showed a drop of only 0.6 miUimol per liter. When water was given an hour before the diathermy, as in No. 25, the serum chlorides fell 7.2 millimols per liter as a result of the water alone. After diathermy there was a further decrease of only 0.4 millimol. After the administration of another liter of water the serum chlorides fell 4.2 millimols. The serum water content in these experiments generally showed a rise when the chlorides fell.
These experiments seem to point to the conclusion that the drop in serum chlorides is due entirely to the dilution of the serum by the water administered, and heat itself is without effect.
The effect of water ingestion on serum chlorides has been investigated by Underhill and Sallick (23) . They found a drop in chlorides after ingestion of large volumes of water, equivalent to 8 times the blood volume of the dogs. They demonstrated a blood dilution by a fall in the hemoglobin. They attributed the fall in serum chlorides to increased chloride excretion.
We performed two dilution experiments.
In No. 26A, Table IV , the dog was given 1 liter of water without diathermy. In an hour the serum chlorides fell 8 millimols per liter, the serum total base fell 7.2 millimols per liter, and the water content of the serum increased in amount proportional to the decrease of chlorides and base. In No. 26B, Table IV, the same experiment was repeated with similar results, then diathermy was applied with only slight further changes in serum chlorides and water content, and the total base continued to drop, then rose slightly during the process of cooling.
The amount of chlorides eliminated by the kidneys during the experiments was in most cases less than 1 millimol, so that the drop in serum chlorides could not be accounted for by excretion. In two cases, Nos. 22 and 25, Table IV, when the excretion was greater than this, it still did not account for the change in the serum. In No. 22, when the excretion of chlorides was 5.56 miliimols in an hour, the serum chlorides showed no change during diathermy, whereas when water was given the serum chlorides fell 7 millimols per liter with only 0.19 millimol excreted.
DISCUSSION.
The object of this research was to find an experimental procedure analogous, if possible, to the one which operates spontaneously in pneumonia by which the chloride level in the dog's serum could be rapidly lowered for the purpose of studying both the mechanism and the effect of a lowered chloride level. None of the methods that were tried resulted in a chloride change which we could regard as significant. The only exceptions to this statement were the cases of experimental pneumococcus infection in dogs. In these cases two animals showed a change apparently of the same order of magnitude as is seen in the blood following the ingestion of a large volume of water. This change was due, we believe, to blood dilution, and did not appear to be influenced by the temperature of the animal. Despite the negative character of our experimental results, we present them because of the perplexity and confusion of the problem.
S U M M A R Y A N D CONCLUSIONS.
Attempts have been made in dogs to lower the serum chlorides by means of various procedures. Of these the withholding of food, anoxemla, tissue destruction, anaphylactic shock, leucocytosis, and fever yielded negative results. Ingestion of large amounts of water lowered the chloride level independently of body temperature. The chloride drop under these circumstances could not be accounted for by excretion and appeared to run parallel with an increase in the serum
